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The objectives of Prolect 2.8 were (1) tc determine the residual

'
’

radiation patterns and the field decay rates resulting from low-yield
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contaminating detonations, and (2) to determine the gamma dose rates

.

i

’

and decay rates irn and around “he crater areas as soon arter detonation

Pl

as possible.

“7i Detalled ground surveys of the contaminated areas were conducted
in July 1962 at the ﬁevada Test Site (NTS) after the detonations of

" Little Feller I, Little Feller II, Johnie Boy, and Small Boy. In ad-
- dition to ground-survey operations, high-level dose-rate recorders

were placed by nelicopters in or near the crater produced by each shot,
v and helicopter-to-ground instruments were wused {0 measure dose rates in

zround zero areas,

Approximately three thousand film badges were installed at on-site
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monitoring points for the four shots, and about four thousari tadges

- N were placed at off-gite survey points t> 300 miles for the Small Roy
N
A~ shet.
rl":l
hS) T 1 . : et a T. T oanA
> The Y+l-ncur zammd dose-rate contours for the Tittle Feller I and

r

TI, Johnie Boy, and Small 2oy shots are tesed on ground surveys =hea®

were significantiy more Zetailed =han surveys at any previous nuclear
L

~ests.

Tield zamma dose-rate decays Through L day -mriled considerat.;

v,

rom point to point witnin individual patterns. In genewal,

o
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atove-grecund shots, there wvwere Zifferences tetween the decay rates oear
zr=ound zero and those cbserved in the downwind direction. Irn the expres-
sion I, = I;t"*, the average exponent in <the upwind and zrcsswind diraec-
~lone tended to be appreciably less than 1.2; for siations at siznificant
downwind distances, *the decay exponent tended to be near 1.2.

The maximum ground zero dose rates based on ueasurements extirapolated
tc H+l hour manged fom 3,300 r/hr for the Little Feller shots *o 58,300
r/hr for Small Boy.

The vercent of total sctivity deposited by Little Feller I, Litile
Feller II, and Smell Boy withii the 0.5 r/hr H+l-hour contour was 6.5 per-

cent, 5.6 percent, and 24 percest, respectively. The percent deposited

within the Jonnie Boy 1 r/br H+l-hour contour was 69 percent.
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This project was conducted with the assistance of a large numter of
individuals who worked long hours making radiological surveys over rough
errain.

The ground radlological surveys made in Area 15 for Little Feller ]
and I and Johnie Boy were conducted by personnel from the Military
District of Washington, . C., under the dirsction of Captain Burton J.
Comway, U. S. Army Nuclear Defense Laboratory (USANDL), Edgewood Arsenal,
Maryland., The 50th Cheuical Platoon from Fort Ord, California, performed
the on-site ground surveys at Small Boy, and the 22nd Chemical Company
from Fort McClellan, Alabama, commanded by Lt Richard D. Wade, made off-
site ground surveys. DBoth groups were directed by Captaiﬂ William G.
Powell, USANDL. Hellcopter dose-rate measurements were performed by a
group of Chemical Corps officers furnisked by Headquarters, Continental
Army Command, Fort Moarce, Virginias, through arrangements made by the
Chief Chemical Officer and were supervised by Zaptain Alan A. Nord. All
the aforementioned officers assisted in the planning of the experiments.

The four Marine Corts nelicopters and crews were commanded Tty L=

Coionel H. L., McRay. These men were sxilled pilots and contrituted

nany suggestions helpful to successful helicopter operaticns.
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CHAPTER 1
INTRODUCTION

1.1 OBJECTIVES

The objectives of this project were: (1) to determine the resid-
ual radiation patterns and the field decay rates resulting from low-
yield contaminating detonations, and (2) to determine the gamma dose
rates and decay rates in and around the crater areas as soon after

detonation as pbssible.

1.2 BACKXGROUND

Knowledge of the residual contamination from bursts of ‘tactical
nuclear weapons on or near the surface is required.to exploit ﬁore
effectively the offenﬁive use of fhese wgapdhs and to prepare the
necessary countermeasures for defense against theﬁ. The input infor-
mation now available for the current prediction systems is based on
limited data from a few test detonationms.

The land surface shots for which close-in fallout contamination
intensities have béen measured are: the surface shot of Operation
Jangle (1.2 kt); Coulomb C of Operation Plumbbob (500 tons); Fig of

Operation Hardtack
7
The H+l-hour downwind dose-

rate contour distances for Jangle S, Coulomb C, and Fig are shown in

Figure 1.1 a3 corrected for a 15-knot mean wind speed. This correction



" was made by assuming that downwind distance for a gilven contour varies
BZ:’ as the cube root of the wind speed (Reference 2).

The d;%armination of the fallout pattern resulting from the Jangle
surface shot was of necessity exploratory in nature and was also, in
many respects, a dry run for the subsequent underground shot. The fall-

out pattern that was developed was incomplete. The overall downwind

¥4

extent of the contours of importance in scaling or extrapolation to
higher yields was not determined. Therefore, the extent of contours
representing dose rates less than 35 r/hr at H+l hour is not known.

For Coulomb C, a one-point detonation, the 1, 10, and 100 r/hr con-
tours were relati.ely well defined (Refergnce 3). The 1-r/hr contour
extended approximately 13,000 yards downwind. The mean wind speed for
the altitude interval of importan;é fﬁr this shot was estimated to be
8 knots.

The Shot Fig downwind fallout occurred over water. Hence, the
equivalent gamma dose rates were inferred primarily from fallout collec-
tor data supplemented by monitor readings on a few barges (Reference L).
The l-r/hr contour for this shot extended 750 yards downwind.

An analysis of Shot Fig results points out that che
extent of the 10 r/hr H+l-hour contour for a 20-ton weapon was shorter
by a factor of 5 than an admittedly large-range extrapolation from ™™
23-200 (Reference 6) would indicate. Hcwever, this same analysis shcwed
the extent of the higher level contours (100 r/hr or greater) to be

approximately as predicted.
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The amount of fallout produced by detonation of fractional-kiloton
weapons at operational heights of burst has never been measured. At
Shot Fig, the scil at ground zero was saturated with salt water

and was not typical of a true land-surface burst. Furthermore, the
detonation did not take place at the operational height of burst planned
for _weapons,

The efficient use of cratering detonations for peaceful as well as
militery usage demands accurate knowledge of the degree to which the
radiocactivity is scavenged and retuiged in the immediate vicinity of
the burst. Information about dose retes formed in and near the crater
by contaminating hursts was needed for the develorment of models to be
used in extrapclation to other ylelds. Ideally, a model attempts to
account for all fission products produced in the detonations. Thus, it
was esgsential to know the extent of the high dose-rate contours as well
as tle extent of the low dose-rate contours normally measured. An addi-
tional requirement for a knowledge of high dnse-rate contours has been
estavlished by designers of protective shelters for hardened sites,
Here, high dose-rate data are needed primarily to determine how soon
above=-ground operations <an vte resumed near the site. In general, the

protective factors required for shielding against initial radiation

were more than adequate for protection against fallout.
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Attempts to measurs dose rates in high dose-rete regions were made

wh YL
K

at previous surface and near-surface bursts. However, it was not possi-
ble, except for low-yield tests, to c¢btain measurements at times less
than H+2 hours tecause of safety considerations.

At Shot Ess, Operation Teapot (Reference 8), and at Shots lLacrcsse
and Mohawk, Operstion Redwing (Reference 9), early measurements were
made in the crater area by lowering a c¢ose-rate measuring instrument
from a helicopter hovering over the area while actual dose ratas were
read on a meter inside the helicopter. These measurements were made
for bursts of widely different yields, depths of burial, and types of

soil.
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CHAPTER 2
PROCEDURE

This project participated in Shots Little Feller II, Johnie Boy,

Small Boy, and Little Feller I, as shown in Table 2.l.

TABLE 2.1 PROJECT 2.8 SHOT PARTICIPATION

Event Date Time
1962 -
Little Feller II T July 1200
. Johnie Boy 11 July osls
Small Boy 1 July 1130

Little Feller I 17 July 1000

2.1 OPERATIONS

The contaminated area produced by each event was thoroughly sur-
veyed by ground-survey parties and helicopter-to-ground units. 1In
addition, high-dose-rate recording instruments were placed in and near
the crater produced by each shot. Film badges were placed throughout
the regions of expected fallout. |

2.1l.1 Ground-Survey Station Layout. In order to accomplish the

detailed rndiologicalnjurveys required to meet the project objectives,
it was necessary to establish an army of points throughout the ex-

pected downwind region at which the radiation could be measured repeatedly.
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Little Fellers I and II, and Johnie Boy Ground-Survey

Stations. Events Little Fellers I and II and Johnie Boy were fired
near each other in Area 18 of the Nevada Test Site (NTS). An array
of close~in manitoring stations was éstablished in such a manner that
a portion of the array used for the earlier Danny Boy event (March
1962) could be utilized. This station layout is shown in Figure 2.1
and extends for a distance of approximately 4 miles in a northerly
direction.

The mountainous terrain in Area 18 made cross-country travel
from one station to another impossible even with four-wheel-drive
vehicles., To overcome this difficulty, a network of roadways was
made by bulldozers. Trails were i;de as shown along the various
lines of stations.‘ Howevey, some of these trails were impassable by
vehicle because of the poor traction on the loose, sandy surfaces of
steep inclines. In general, the rocads vere'laid out perpendicular
to the expected wind direction at shot time. This procedure could
be followed only within a few milgs of ground zero. Approximately
95 miles of trails were made by bulldozer.

At greater distances, north of Pahute Mesa, it was necessary %o
fit roads to the natural land contours because of the still more
rugged mountainous terrain. An inverted U-shaped array of statiors
wags therefore laid out to fun north through Kawich Valley, west

through the Standard Mine Region into Gold Flats, and south thrc.sh
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the Siient Canyon area, as shown in Flgure 2.2. This rcute enabled
coverage north of the mountains to a8 distance of 30 miles downwind.
A lire of cast-west staticns was pilaced across Xawilch Valley tetween
the Quartzite Mountain Range on the west and th: Belted Range %o the
east. At Gold Flat Well No. 1, stations were located in a genersml
easterly direction to Quartzite Mountaln and then north along the
base of the mountain to the main stake line., Iuring opersations, an
addiztional line, 3 miles long, was run cross-country in an easterly
direction from Station OO0 at the mouth of Silent Canyon toward
uartzite Mountain. Stations were placed alung all these routes at
intervals of 0.3 mile. Helicopter-survey statlions located in these
mountains are d*scussed in Section 2.1.2.

Points at which dose rates were to be measured were eatablished
along each cf the roads shown in Figures 2.1 and 2.2, At each point,
a 2« by 2-inch stake was driven into the grouhd to extend 36 inches
above th2 surface. The distance between each stake in the station
layout shown in Figure 2.1 was measured by chain. Note that this
technique, when employed over hilly terrain, produced »cations
which were not a given straight-line Jjistance from each other.

Each line of stakes in the close-in armay was designated by
letter or aszigned a name, and the stakes were numbered consecutively
from c<ne end of each line., All sides of each stake were marked for

case of identification. In additicn, a 3-inch-wide, 18-inch-long
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streamer of colored {icuarescent cloth was stapled to the top of each
stake. Four different colors were repeated throughout the array -c
ensure positive ldentification of location for survey parties. Approxi-
mately 2,000 stakes were used for these three arrays in Area 18. TFilm
tadges were placed on eacn stake on D-1 day for the event to be studied.
Three types of badges ware used because of a shortage of a single {yge.
Tor purpcses of cross-calidbration, all three types vere placed at many
lceations throvghout the area.

Field operations began on 28 June 1562 when thirty military person-
nel from the Military District of Washington began marking the roads
described above. All roadc were marked by the evening of 5 July 1962.
For Little Feller II, stakes wers placed from 100 to 1,000 feet apart
on downwind roads at distan;es-of 200, LOO, 600, 900, 1,200, 1,500,
2,000, 2,500, 3,000, L,000, 5,000, 7,000, 9,000, 11,000, 13,000, and
16,000 feet from ground zero. Three upwind radial roads at azimuths
to ground zero of 135, 18C, and 260 degrees were staked at 100-foot
intervals to a idlstance of 2,000 feet from ground zerc to enable
complete pattern coversge.

The station lavout for Johnile Boy was located on the same site as
tnat for Little Feller IT except that roads for stake lines were placed
at distances of 500, 1,000, 1,500, 2,250, 3,000, and 4,000 Teet from

zround zero. In addition, a Imnny Boy line that pacsed 250 f{eet ur-

wind of the Johnie Boy ground zero was utilized along the downwind




Danny Boy radlals at azimuths of 20, 28, 37, and 45 degreec to the Danny
Boy ground zero. Upwind radial lines were established at azimuths of

129, 154, 178, and 158 degrees to the Jchnie Boy ground zero. The Little

PR feller I station layout required that only a few new perpendicular
.QES roads be cut at distances of 200, 400, 600, 900, 1,200, 1,5C0, 2,CCO,
Bl "%

- 2,500, 3,000, 3,500, L,000, and 5,000 feet downwind of ground zera.

-E:, Beyond 5,C00 feet dowawind of ground zero, the Johnie Boy and Little
, 'ES Feller II networks were used. Upwind radial lines at azimuths of 125, i
" 'éi y 170, and 225 degrees were used to complete the pattern. As in the other .
‘E; two events, adjacent stations were placed at lncreasing distances of
;ﬁg 100 to 1,000 feet from ground zero.
;';E Small Boy Ground-Survey Stationg. The job of monitoring
N £o 300 miles from ground zerc was divided into off-site and on-site
i 2i operations. A platoon from the 22nd Chemical Coapany of Fort McClellan,
_t;x Alabama, was glven responsirility for off-site operations from 30 to
i‘? 300 miles from ground zeroc The 50th Chemical Platoon from Fort Ord,
California, was given responsibility for on-site operaticrs. The
?; Platoon from the £2nd Chemical Company spent approximately 60 days in
- .:i‘ estavlishing monitoring locations in both regions.
- .;j North-south stake lines were placed east of ground zero at 1,C00C-
H, - foot intervals to L,000 feet; a: 2,000-foot intervals Letween L,30C and
o 12,200 feet; and at 15, 18, 26, 3L, and L6 thousand feet., Ir addition,
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three rows of stakes were placed in both Indilan Springs Valley and Three
Lakes Valley (scmetimes designated as East Indian ‘Springs Valley) at
distances of approximately 16 and 30 miles, respectively, frdm ground
zero. In each valley, stakes were placed 1,000 feet apart along the
road running through the center of the valley, and an additional row
was placed along each side of the valley. The stake rows were extended
as far north and a: near the edge of the valley as four-wheel-drive
vehicles could be driven. Upwind of ground zero, radial rows of stakes
were placed at azimuths of 210, 240, 270, 300, and 330 degrees from
gr&und zero. The distance between stakes varied from 200 feet, close
to ground zero, to 1,000 feet at a Qistance of 10,000 feet from ground
zero. The station layout is shown in Figures 2.3 and 2.4. Some of
the close-in stake lines have been omitted from Figure 2.l4.

In the area within about 9 miles east of ground zero (Figure 2.3),-
1,044 stakes were placed on 55 miles of stake lineg. The northern and
southern extents of stake lines P through G were dictated by the sandy
terrain, which made it difficult to drive on the northern portion of
these lines. Single-pass bulldozed roads along each of these stake im-
proved trafficability in some areas,but these deteriorated rapidly with
postsho£ traffic and summer weather. Nine hundred and eighteen survey
stations were located in Indlan Springs Valley and Three Lakes Valley
(East Indian Springs Valley) on 110 miles of roads. Forty-two stakes

vere placed in four rows approximately east and west across the valley.
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Film badges were placed on all stakes except on lines A, C, D, F, L, N,
Q, U, and W. Three types of film badges were used,a; described above for
Area 18 events.

Initially, a water-proof stencil card bearing an ldentification
number was stapled to each stake. Later, stakes had to be marked di-
rectly since some of the cards were blown off by the wind. Also, stakes
placed in the loose sand at the north end of Indian Springs Valley were
blown down by high winds)and about 30 percent had to be replaced.

7
Spacing along all stake lines was determined by chaining. Project

2.9 stations were used for reference points wherever available and a
survey point was established near each.Project 2.9 station. The direce
tion of the stake lines was detgrm%ned by established roads or transit
sightings.

All stations wiéhin range 5: prampt nuclear or thermal effects
wefe in line of sight of ground zero. The majority of the stations
along stake lines K, I, and G were slightly depr?ssed,and a few sta-

tions at the north end of the M road from M-l through M-12 were
h shielded by sand ravines. Monitoring stations were also established
beyond 30 miles from ground zero and extended to 300 miles in the ex-
pected downwind area. However, stakes were used only where fence

posts or other permanent markers were not present.

Off-site operations were defined as any operations east of the

l las Vegas Bombing Range to 300 air miles from ground zero and at an
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azimuth of 90 #30 degrees, The off-site preparations included:

1. Map reconnaissance of approximately 4,000 miles of roads in the
off-site area.

2. Initial ground reconnaissance.

3. Changes to original routes utilizing experience of first ground
reconnalssance.

L. Assignment of twelve team routes.

5. Personal reconnaissance by each team of their assigned road net
for geographic familiarization, determination of exact number of instru-
ments requifed,’locétion of instruments, and the number of stakes needed.

The twelve teams were assigngg as follows: one team was placed in
Richfield, Utah, to operate independently; two teams were based in St.
George, Utah; two teams in-Kahab, Utah; thrée teams in Cedar City,

Utah; and four teams were based in Mercury, Nevada, and scheduled to
move between Mercury and Callente, Nevada, to cover the off-site area
from 25 to 100 air miles from Frenchman Lake.

The teams in St. George, Kanab, and Cedar City were controlled by
a supervisor in each city and b& a roving field marshall based in Cedar
City. Overall off-site operations were.directed cooperatively from
Camp Mercury with the United States Weather Bureau, United St;tes Public
Healéh Service, and the University of California at Los Angeles (ucta)
Laborgtory of Nuclear Medicine and Radiation Blology. Figure 2.5 is a

map showing routes that were carefully reconnoitered and along which
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£1i3 tadges were placed.

Film badges from Lexington Signal Depot {LSD) were placed at 1,3CC-
foct intervals along line 3, at 1/2-mile intervals along routes AD-AE,
AZ-AG, AD-AK, AK-AJ, AJ-AI, and AJ-AE; at l-mile intervals from AN to
Caliente and on all routes east of the AN-to-Caliente rcad to include
he road along BG-Bl-Kanab-BW«JK-BE-BB-Richfield. All film badges east
of the BG-hichfleld roed net were at 2-mile intervals, as were the film
tadges south of the Grand Canyon. This plan utilized approximately
2,300 £1lm tadges and is designated as Plan A (s=e Figzure 2.5).

The possibility of meteorological conditions adverse to Plan A
necessitated development of a second p;an (Plan B). Plan B extended
the northern boundary of the area of responsibillity to a line from
ground iero in r direction 10 dégrees west of magnetic north., This
line extended from ground zero through a point approximately 10 miles
west of Warm Springs, Nevada. Approximately 1,200 film badges ob-
tained from Reynolds Electrical and Engineering Company (REECo) were
used fur thls extension. Flan B is also shown in Figure 2.5.

2.1.2 Helicopter-Survey Station layout. Remote reading survey

meters were lowered to the ground from a helicopter to take radiation
measurerents in areas where grourd-survey parties could not enter te-
cause of the high radiation dose rates and inaccessible terrain.

Little Feller II ang Johnle Boy Helicopter Stations.

-

Sr 0-4 arnd D-3 days thnree rows of stations were established on the high




